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Abstract
Background: Point OutWords is a caregiver-delivered, iPad-assisted intervention for non-verbal or minimally verbal
children with autism. It aims to develop prerequisite skills for communication such as manual and oral motor skills,
sequencing, and symbolic representation. This feasibility trial aims to determine the viability of evaluating the
clinical efficacy of Point OutWords.
Methodology: We aim to recruit 46 non-verbal or minimally verbal children with autism and their families,
approximately 23 per arm. Children in the intervention group will use Point OutWords for half an hour, five times a
week, for 8 weeks. Children in the control group will have equal caregiver-led contact time with the iPad using a
selection of control apps (e.g. sensory apps, drawing apps). Communication, motor, and daily living skills are
assessed at baseline and post-intervention. Parents will keep diaries during the intervention period and will take
part in focus groups when the intervention is completed.
Discussion: Point OutWords was developed in collaboration with children with autism and their caregivers, to
provide an intervention for a subgroup of autism that has been historically underserved. As autism is a
heterogeneous condition, it is unlikely that one style of intervention will address all aspects of its symptomatology;
the motor skills approach of Point OutWords can complement other therapies that address core autistic symptoms
of social cognition and communication more directly. The current feasibility trial can inform the selection of
outcome measures and design for future full-scale randomised controlled trials of Point OutWords and of other
early interventions in autism.
Trial registration: ISRCTN, ISRCTN12808402. Prospectively registered on 12 March 2019.
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Background
Designing and testing interventions targeting communi-
cation skills in children with autism has proven difficult
given its heterogeneous presentation and the lack of
measures sensitive to change over time [1], yet substan-
tive progress has taken place in recent years [2–4]. Ap-
plied behaviour analysis (ABA) [5] is effective but not
routinely provided in most jurisdictions as its labour-
intensive nature presents an economic barrier. The UK
National Institute for Health and Care Excellence (NICE)
guidelines [6] recommend a combination of social skills
groups, occupational therapy and speech/communication
therapy, with most children receiving just 6–8 sessions.
The most successful treatment studies have targeted chil-
dren’s socially engaged imitation [7] or parents’ evocation
of children’s communicative behaviours, producing long-
term social communicative improvements [8, 9] but often
at significant economic cost [10] and without effectiveness
for all children. The Early Start Denver Model interven-
tion combines principles of ABA with adult responsivity
and sensitivity to child cues, and has demonstrated effect-
iveness [11], although the only domain of improvement
replicated across studies is language, and not developmen-
tal quotient, autism severity, or adaptive behaviour [12].
Alternative or complementary approaches to autism ther-
apy are the several unproven, uncontrolled and in many
circumstances invalid parent-delivered methods of manual
motor symbolic communication [13, 14]. These demand
extensive training for those who implement them, are
labour-intensive, and can be difficult to subject to con-
trolled testing [15]. Our novel intervention trains manual
motor skills and symbolic representation and is facilitated
by our freely downloadable iPad app, Point OutWords™
[16], yielding light caregiver training - just 30min by a
research assistant with a 4-page instruction booklet. Built
into Point OutWords are automated measures of motor
performance, and of any caregiver-initiated movements of
the device that might cue particular responses.
Our research and that of others has demonstrated
strong association between language delay and motor
dysfunction in a significant subgroup of autism [17–23].
In our own clinical sample, fully one third of autistic
children who lack communicative speech manifest a dis-
tinctive pattern in which motor and particularly oral
motor skills are impaired whilst expressive language is
impaired disproportionately to more intact receptive
language [19] - the inverse of the more general pattern
of receptive impairment in autism [24]. Our work sug-
gests that the high-level deficits in social communication
so overtly characteristic of autism may emerge develop-
mentally from interaction of lower-level, more subtle,
more fundamental traits in three general areas: social
motivation and reward, cognitive and motor control,
and sensory perception [25], and thus implies that early
training directed towards such lower-level skills - in the
case of this new intervention, motor control and sequen-
cing - might exert a positive knock-on effect on the
development of communicative skills. This approach
aims to develop social communicative skills by training
non-social, domain-general prerequisite skills [26] -
implementing what is in a sense a “back door” route to
autism therapy.
Children with autism who are non-verbal or minimally
verbal are often excluded from research [27], and chil-
dren with severe communication impairments are less
likely to be included in treatment studies [28]. Point
OutWords was developed with the inclusion of clients
with autism both explicitly by asking children to choose
amongst graphical design options and by obtaining thera-
pists’ feedback on their behalf, and implicitly by observing
children’s preferences. Point OutWords was designed with
the strengths of autistic cognition in mind. Many children
with autism excel at detail-oriented tasks such as jigsaws
due to their abnormally strong ability to perceive local de-
tails. Whereas many teaching and learning strategies
adapted from methods for non-autistic people end up
working against autistic cognition by asking people with
autism to do what they cannot easily do, Point OutWords
works with autistic cognition, by beginning from this point
of strength [29]. Indeed, our pilot study (N = 7) [30] indi-
cated that children and parents enjoyed using Point
OutWords.
The current trial will evaluate the feasibility of testing
the Point OutWords intervention, focusing on usability
and engagement, fidelity to treatment, and recruitment
and retention for a future full-scale randomised controlled
trial (RCT). It will assess variance in test-retest measures,
informing the selection of suitable outcome measures
sensitive to change and determining the target sample size
of a large-scale randomised controlled trial, key steps in
designing RCTs for autism interventions [3, 29].
Aims
Our primary aim is to determine whether the clinical ef-
ficacy of Point OutWords as an intervention for enhan-
cing communication and interaction in minimally verbal
or non-verbal children with autism can be feasibly evalu-
ated. Feasibility will be assessed based on the outcomes
as follows:
1. Intervention fidelity and acceptability - Establishing
whether Point OutWords can be delivered by
parents based on frequency, duration, and content
of intervention sessions, in addition to parents’
understanding of the intervention and proficiency
in delivering it; assaying whether the intervention is
accepted by children and how the intervention fits
into the family routine.
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2. Recruitment and retention - establishing whether
sufficient participants can complete a future full-
scale trial based on participation rates, drop-out,
and completion rates; determining whether sufficient
participants match inclusion criteria, including
impairment in motor skills and expressive language.
3. Outcome measure efficacy - assessing whether
candidate measures of motor and communicative
function, alongside measures of individual and
family social function, are acceptable and sensitive
test-retest measures in the target population;
ascertaining variance in outcome measures will
inform the sample size of a future RCT.
Positive outcomes from this feasibility study would
lead to a subsequent full-scale RCT. Point OutWords
carries potential for substantial economic benefit in the
UK National Health Service (NHS) and other settings
because it is designed for use by caregivers with minimal
training.
Methodology
Design
The study applies a feasibility, parallel-groups, randomised
controlled design, in which participants are randomly allo-
cated to the intervention group or the control group at a 1:1
ratio. Randomisation will be stratified by gender given the
uneven gender ratio in autism diagnoses. The intervention
period will last 8 weeks. Figure 1 shows assessments to be
administered at baseline and immediately post-intervention.
This trial protocol is in line with Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) 2013
(see SPIRIT Checklist in Additional file 1).
Study setting
The intervention will take place within the homes of
participants in the Peterborough area. Psychometric test-
ing will be administered at the family home, the child’s
school, or at the Cambridgeshire and Peterborough NHS
Foundation Trust (CPFT) Integrated Children’s Service
based in the City Care Centre, Peterborough, UK, de-
pending on the preference of the children and their
families.
Participants
Recruitment
Participants will be recruited through CPFT Integrated
Children’s Services and through community paediatric
services in nearby NHS trusts. Parents or caregivers will
be approached by known and trusted clinicians, a strategy
shown to heighten recruitment rates [31]. Parents will re-
ceive a recruitment invitation letter followed by an infor-
mation sheet for the study. In addition to talking to their
child’s consultant, parents will have the opportunity to
talk to a research assistant over the phone or via email to
ask questions.
Inclusion criteria
The inclusion criteria are:
 Ages 3–15 years.
 Autism diagnosis confirmed by multidisciplinary
assessment as part of routine NHS clinical care, and
meeting criteria for autism on the Autism Diagnostic
Observation Schedule-Generic (ADOS-G) [32].
 Nonverbal or minimally verbal (lacking
communicative speech or speaking fewer than 100
single words and no phrase speech).
 Clinical judgement of motor impairment.
 Clinical judgement that age-adjusted receptive
language surpasses age-adjusted expressive language.
 English is the primary language spoken in the home
(as Point OutWords is not yet translated).
Exclusion criteria
The exclusion criteria are:
 Severe visual or hearing impairment (which would
affect interaction with an iPad).
 Caregiver does not speak English and therefore
would not be able to administer the intervention.
 Severe impairment of motor function (e.g. cerebral
palsy).
Sample size
We aim to recruit 46 families (approximately 23 per
arm). Another RCT of a similar population [9] recruited
62.8% of (152 of 242) families assessed for eligibility. A
target of 46 families would let us estimate a recruitment
rate of 62.8% within a 95% confidence interval of ±14%.
In the unlikely event of falling far short of that norm,
then we would recommend modifications to the recruit-
ment strategy.
Allocation and blinding
Individuals will be randomly allocated to the intervention
or control group. Participants will be block-randomised,
stratified by gender, by the web-based randomisation
service Sealed Envelope™ [33], overseen by a trial statisti-
cian uninvolved in data collection. Upon obtaining written
consent, a research assistant will access Sealed Envelope™
to obtain the treatment allocation, and will therefore be
aware of each participant’s allocation, but will be blind to
the time point of psychometric assessments at the data
analysis stage. Due to the nature of the intervention par-
ticipants cannot assuredly be blinded to treatment, as they
will be aware of the app they are using. The rest of the
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research team, including the principal investigator and
clinical lead, will be blinded to the allocation of each
family.
Intervention
Point OutWords [30] is an iPad game developed to train
fine motor and cognitive skills in children with autism.
Fig. 1 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) figure with timeline for recruitment, assessments, and
interventions. Schedule of assessments: MSEL Mullen Scales of Early Learning, BOSCC Brief Observation of Social Communication Change, DCMA
Dyadic Communication Measure for Autism, BPVS-3 British Picture Vocabulary Scale, SRS-2 Social Responsiveness Scale, VMPAC Verbal Motor
Production Assessment for Children, PSI-4 Parenting Stress Index, VABS-2 Vineland Adaptive Behavior Scales, FQoLS Family Quality of Life Scale,
AIM Autism Impact Measure. Blue lines indicate the intervention group and black lines indicate the control group
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Participants in the experimental group will receive the
Point OutWords intervention, with a target of at least
20 h of contact time, as an adjunct to standard NHS
clinical therapy. The intervention will be administered
by parents/caregivers in the home, either on a loaned
iPad or on the family’s own iPad if preferred. Parents
will receive training from the research team to use Point
OutWords, and written instructions.
Point OutWords has three modes of increasing diffi-
culty, which tap skills prerequisite to language and com-
munication. Learning starts in the Point mode where the
child uses their finger to drag jigsaw pieces to complete
a picture. The object is segmented into jigsaw puzzle
pieces, which are scattered round the touchscreen. Puz-
zles are images from daily life e.g. bath, shampoo. The
child has the opportunity to develop the manual motor
skills prerequisite to pointing to interact with a touchsc-
reen. The touchscreen software interface is adapted so
as to accommodate the autistic user’s open-loop style of
visuomotor control and is customisable to meet the
child’s motor ability.
From here, the child progresses to Type mode. In Type
mode, puzzle pieces cannot be dragged into place in an
iconic style of reference, but instead must be cued by sym-
bolic reference: Each puzzle piece is labelled with a letter in
the word, there are as many puzzle pieces as there are let-
ters in the word, and in order to cause a piece to snap into
place within the puzzle, the participant must press the cor-
responding letter key on a virtual keyboard that appears on
the touchscreen. The Type mode aims to encourage sym-
bolic representation, with which non-verbal children with
autism show difficulty [34] and which underpins communi-
cation development [35]. In addition to improving motor
skills, Point OutWords teaches sequencing through piecing
several parts of a puzzle together. Cognitive sequencing un-
derlies language development along with planning for social
interaction and daily activities [26].
Finally, in the Speak mode the child assembles each
jigsaw piece by speaking each syllable of a word in order,
allowing the child to practise their oral motor skills. The
object is segmented into a number of puzzle pieces equal
to the number of syllables in the word. Each syllable is
modelled, the client is prompted to speak each one, and
OpenEARS speech recognition software is used to detect
these pronunciations. Speaking a syllable causes the cor-
responding puzzle piece to snap into place. Tolerance
for articulation errors and other slight inaccuracies of
the match between actual and modelled pronunciations
can be configured by the caregiver. Advancing to Speak
mode will be difficult for the majority of children in this
non-verbal/minimally verbal sample; we expect that
most children will stop with Type mode.
Point OutWords is intended to be used with a parent or
other caregiver who can support the child in an “errorless
learning” format, filling in responses and correcting errors
when the child is unable to do so independently, and
redirecting the child towards the task when attention wan-
ders. Progressing to a more difficult level is at the discre-
tion of the caregiver in interaction with the child.
Control group
Participants not receiving the experimental intervention
receive standard NHS clinical therapy and equal iPad con-
tact time using a selection of iPad apps, which include
Magic Fluid Lite [36], Heat Pad - Relaxing Heat Sensitive
Surface! [37], Draw with Stars! Play With Shooting Stars
[38], Baby Drum [39], Doodle Buddy Paint Draw App
[40], Aquarium Live HD [41], and Dogs [42]. Control apps
were chosen based on their absence of skill promotion,
particularly in areas Point OutWords aims to enhance,
such as sequencing, assembling puzzles, vocabulary learn-
ing, fine motor skills training, social learning, or skills that
underpin language development (e.g. category learning).
The control group will receive equal regular support dur-
ing the study period, and will be offered Point OutWords
intervention after the end of the study.
Adherence monitoring
Participants will have fortnightly contact with the re-
search team via telephone calls to monitor fidelity to
assigned intervention, and address queries related to the
intervention or using the app(s). During telephone calls,
consent for continuing participation is taken or, on the
participant’s request, the intervention is stopped. iPad
data logged during sessions will be used to monitor ses-
sion frequency, session length, and games played. Partic-
ipants will be asked to keep a diary during the
intervention period, which includes questions related to
frequency of iPad sessions, when during the day iPad
sessions take place, and the types of games played.
Phone calls and diaries will also record what other inter-
ventions, if any, the child or parents are taking part in.
Outcomes
Primary outcomes
Child observations
Mullen Scales of Early Learning (MSEL)
The MSEL [43] is widely used as a measure of cognitive
ability, motor ability, and language skills in research and
clinical evaluations of children with autism [44, 45]. Rele-
vant to the study, the fine motor, receptive language, and
expressive language subscales will be administered. Each
subscale yields developmental age equivalents, and there-
fore is applicable to developmentally delayed children out-
side the 68-month normed age range [46]. The MSEL
shows good test-retest and inter-rater reliability [43] and
strong concurrent validity with other developmental tests
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of motor and language, including the Vineland Adaptive
Behaviour Scales II (VABS-II) [44]. Differences in mean
scores from baseline to post-intervention between the
intervention and control group will measure treatment ef-
ficacy. Separately, baseline mean scores will be used to
characterise for whom the treatment is (or might be) ef-
fective. For example, a disparity in age-equivalent scores
between the receptive and expressive language domain
might predict treatment effects.
Brief Observation of Social Communication Change
(BOSCC)
The BOSCC [47] is scored from a 12-min video recording
of a parent-child play session, coded on 16 items assessing
atypicality, frequency, and severity of autistic symptoms.
The BOSCC coding scheme was developed from the Aut-
ism Diagnostic Observation Schedule (ADOS)-2 [48] by the
same research team, to detect clinically significant changes
in autistic symptoms following treatment. The BOSCC has
yielded excellent inter-rater reliability and high test-retest
reliability [47]. Treatment efficacy will be measured by dif-
ferences in mean scores from baseline to post-intervention
between the intervention and control groups.
Dyadic Communication Measure for Autism (DCMA)
The DCMA [8] is coded from the same parent-child play
session as the BOSCC, to assess dyadic communicative
interaction between parent and child, making it largely
complementary to the behaviours scored by the BOSCC.
Independent codes are applied to instances of the parent’s
synchronous responses with the child, the child’s initiations
with the parent, and the time spent in shared attention.
The mean change from baseline to post-intervention will
be compared between the intervention and control groups.
British Picture Vocabulary Scale III (BPVS-III)
The BPVS [49] provides a rapid measure of receptive
vocabulary, tested via the same method - nonverbal
pointing - that Point OutWords applies in its Point
Mode (and builds on in Type Mode). Inclusion of this
measure thus aims to assess both vocabulary itself
and the ability to express vocabulary through point-
ing. The mean change from baseline to post-
intervention will be compared between the interven-
tion and control groups.
Parent reports
Social Responsiveness Scale II (SRS-2)
The SRS [50] assesses social communicative competence
from 2.5 years onwards. Comprising 65 items, the SRS-2 is
sensitive to behavioural change and widely used as an aut-
ism treatment outcome measure [51, 52]. Mean scores
taken at baseline and post-intervention will be compared
between the intervention and the control groups.
Feasibility and acceptability measures
Internal iPad data
Pseudonymised activity logs will be uploaded from the
iPad. A time series of all stimuli and responses, number
of completed puzzles, and total and average session
length will be logged.
‘Think-aloud’ sessions
An optional session in which parents are recorded voicing
their thoughts and experiences whilst using Point Out-
Words, the individual “think-aloud” session will be com-
pleted before the intervention period begins.
Focus groups
An optional group interview will be held after participa-
tion in the study, for the intervention and control groups
separately. Each interview group will comprise four to six
parents/caregivers. The first part will be a group think-
aloud session during which caregivers voice their thoughts
and experiences whilst using Point OutWords, facilitated
by a team comprising the research assistants who have
worked with caregivers and their children, an autism par-
ent member of the research team who is not a participant
in the study, and an expert on qualitative data collection.
Think-aloud methodology can provide a valid source of
data on participants’ thinking [53]. The second part will
be a group discussion, without the research assistants
present, addressing the software, families’ experiences
using it, and how it fits into their daily family routine.
Clinician interviews
Semi-structured interviews will take place post-
intervention with four referring clinicians. Questions will
address their views on the intervention and on recom-
mending it to parents.
Secondary outcomes
Child observations
Verbal Motor Production Assessment for Children
(VMPAC)
The VMPAC [54] assesses neuromotor integrity of the
speech system and is standardised for ages 3–12 years
[54]. Items are categorised into five subdomains: global
motor control, focal oromotor control, sequencing, con-
nected speech and language, and speech characteristics.
The VMPAC is sensitive to change following speech or
motor intervention [55, 56], and subtests have strong test-
retest reliability (correlation .88–.90), inter-rater reliability
(correlation .93–.99), and high validity [54]. It will be ad-
ministered at baseline and post-intervention, and mean
score differences will be compared between the interven-
tion and control groups.
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Parent reports
Vineland Adaptive Behavior Scales II (VABS-2)
The VABS [57] is a widely-used parent interview
measuring adaptive behaviour, recommended as a
test-retest measure in autism treatment studies [58]
and normed for all ages [59]. Items are categorised
into four primary domains: communication, daily liv-
ing skills, socialisation, and motor skills, with mal-
adaptive behaviour (internalising and externalising)
also examined. The VABS is administered at baseline
and post-intervention; changes in mean scores across
time between the intervention and control groups
will be used to assess treatment efficacy. Similarly to
our use of the MSEL, the baseline scores will char-
acterise for whom the treatment is effective.
Parenting Stress Index IV (PSI-4)
The PSI [60] is a 120-item parent-report questionnaire
assessing the extent of stress in the parent-child dyad, with
foci on three core domains of stress: child characteristics,
parent characteristics, and situational/demographic life
stress. Mean differences in scores collected at baseline and
post-intervention will be compared between the interven-
tion and control groups.
Family Quality of Life Survey (FQoL)
The FQoL [61] is a 25-item parent-report questionnaire
assessing perceived satisfaction in terms of quality of
family life. Five domains are assessed: family interaction,
parenting, emotional well-being, physical/material well-
being, and disability-related support. Mean differences in
scores collected at baseline and post-intervention will be
compared between the intervention and control groups.
Autism Impact Measure (AIM)
The AIM [62] is a 25-item parent-report questionnaire
that measures changes in core autism symptoms, and
which has strong test-retest and cross-informant reliability
[62]. Mean differences in scores collected at baseline and
post-intervention will be compared between the interven-
tion and control groups.
Internal iPad data
The iPad will record the child’s real-time finger move-
ments when they are using Point OutWords, for the dur-
ation of the intervention period [30]. Changes in manual
motor skills will be measured by the following parame-
ters: (1) visuomotor targeting error is measured as the
Euclidean (straight-line) distance between the initial
point of contact with the screen and the nearest extent
of the target puzzle piece, or the centre of the target key
if in Type mode, (2) time of release and position of re-
lease relative to target are recorded, (3) motor efficiency
is measured as variance of linear speed in the direction
of motion, and variance of angular speed (the rate of
change in direction of motion over time), (4) accuracy
in movement will be measured as a ratio of the actual
drag path to the shortest possible path length, and (5)
the number of failed attempts to drag puzzle pieces and
the overall time taken to successfully complete a piece
are also recorded.
Other outcomes
Parental feedback, clinical and spoken language
information A structured parent-report questionnaire
will be offered post-intervention, developed from the
pilot study [30] to explore enjoyment of the app, engage-
ment with other iPad or computer games, other therap-
ies and to report languages used at home in addition to
English (if any).
Procedure
Participant eligibility will be assessed by the clinical
lead, and staff under her direction. Research assistants
will ascertain consent, allocate participants according
to an independent randomisation procedure (https://
SealedEnvelope.com/), and administer assessments, in-
cluding recording a 12-min video of child and parent
in free play for later scoring with the DCMA and
BOSCC. The Principal Investigator (PI) received formal
training in DMCA and BOSCC coding, which he passed
on to the research assistants. The research assistants are
trained to a high standard in psychometric and qualitative
administration and coding, and receive regular supervision
from the PI, the clinical lead, and qualitative specialist.
Members of the research team responsible for data collec-
tion have completed CPFT Good Clinical Practice train-
ing. Parents will receive training to deliver the
intervention and will be asked to keep a diary. Parents will
be asked to complete the optional think-aloud session and
focus group.
Data management
Data will be anonymised and stored on a restricted
shared drive in the CPFT network, to which only the re-
search team will have access. Per the informed consent,
anonymised data will be retained permanently (except in
the case of withdrawal during the study) and may be re-
leased to other researchers. Identifying data (e.g. video,
voice) will be deleted after scoring or transcription. Data
entry will be completed and checked by research staff.
Video data (for DCMA and BOSCC) and voice record-
ings (think-aloud, focus group, clinician interviews, and
diaries) will be stored on a password-protected laptop
computer at Nottingham Trent University. Physical data
will be stored in locked cabinets within CPFT, accessible
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only by the research team. Internal data from Point Out-
Words will be pseudonymised and stored on a file ser-
ver. The trial statistician and research team will
undertake statistical analysis of the data. Only the clin-
ical staff will have access to clinical records. As a small-
scale feasibility study, this protocol does not include a
data monitoring committee.
Statistical analysis plan
Results will be analysed by the intention-to-treat principle.
Guidelines and standard practices for each outcome meas-
ure will be used to impute values for missing items in indi-
vidual datasets. For example, guidelines for the SRS-2
recommend using the median of the items answered. Any
systematically missing subscales within feasibility candi-
date measures will inform the decision as to which mea-
sures would be carried forward to a full-scale RCT. This
feasibility trial aims to determine the sample size for the
full RCT. Test-retest variances in internal iPad data and
external outcome measures will be entered into a standard
calculation of statistical power to inform the sample size
of a full RCT. Participant flow in terms of recruitment and
retention, reported in line with the Consolidated Stan-
dards of Reporting Trials (CONSORT) statement for non-
pharmacological interventions, will also inform the sample
size for a large RCT. The trial statistician will perform the
power and sample size calculations. Statistical analysis will
be conducted in R.
We will explore the predictability of treatment effects
based on the baseline measures. Findings may shed light
on whether the intervention is more suited to certain
profiles of autism than others. Inclusion criteria for a
subsequent full trial would be fixed accordingly. Standar-
dised scores from psychometric assessments will be ana-
lysed using mixed-model analysis of variance with time
point (pre-intervention, post-intervention) as the within-
subjects factor, and treatment (intervention, control) as
the between-subjects factor. The internally logged out-
come measures of visuomotor accuracy in Point Out-
Words will be analysed using three separate exploratory
analyses of covariance, with Point OutWords usage time,
number of distinct Point OutWords sessions, and real
time as covariates. Participants’ own responses will be
discriminated from caregivers’ model inputs by a statis-
tical clustering method. Fidelity will be assayed using de-
scriptive reports of content, and duration and number of
intervention sessions completed.
Qualitative data and analysis
Data from parent diaries, focus groups and interviews
will be transcribed and thematically analysed. A partially
inductive and partially deductive (based on themes from
our pilot study [30]) coding frame will be developed,
using the analytical stages of Braun and Clarke [63].
Qualitative analysis will be evaluated using indicators of
confidence and relevance [64] to ensure rigour, transpar-
ency, and accountability.
Video coding
Research assistants or others qualified for research scor-
ing of the instruments in question will code the 12-min
video recordings of parent and child play with the
DCMA and the BOSCC coding frameworks. They will
regularly co-rate the videos to maintain inter-rater reli-
ability. To account for natural inter-rater differences, the
same rater will code the pre and post scores, blind to
the time point.
Discussion
Point OutWords was developed in collaboration with
children with autism and their therapists and caregivers
[30], to include engaging jigsaws, high-contrast graphics,
and exogenous cues to help capture and maintain atten-
tion, and customisable reinforcement prompts. The inter-
face was adapted to accommodate open-loop visuomotor
control (a visuomotor impairment common in people
with autism), eliminating a major source of users’ frustra-
tion. Working from autistic cognitive strengths, Point
OutWords aims to enhance motor skills and to promote
representation of objects as sequences (of iconic puzzle
pieces, symbolic letters, or symbolic sounds), prerequisite
abilities that can support communicative development.
There is a need for therapies that address underserved
subpopulations of autism and can be delivered with ease
at a low cost. For children with autism who have motor
impairment and greater receptive than expressive com-
munication, our new intervention could fill this gap in
services were it shown effective in a full-scale RCT. Be-
fore such a large-scale study can be framed, a feasibility
trial is a necessary step to evaluate recruitment and re-
tention rates and identify actions for reducing attrition.
Feasibility trials are especially helpful if the proposed
population, in this case, autism with motor impairment,
has not previously been specifically tested [65]. Attrition
poses a particular challenge with respect to the control
group, but we hope that explaining the study’s contribu-
tion to science, regularly telephoning families to offer
support, and offering the prospect of using Point Out-
Words after participation in the trial will motivate fam-
ilies to complete the study. As the acceptability of the
control apps is a likely predictive factor in reducing attri-
tion in the control group, with advice from parents of
autistic children we have selected iPad apps that are en-
joyable and fun for children and families. These control
apps were selected based on the absence of Point Out-
Words skills and tasks, as the inadvertent involvement
in similar therapy or training in a control group can
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confound results as recently reported in one large-scale
trial [12].
Variance in outcome measures will be an outcome
measure itself, used to inform on the suitability of cer-
tain psychometric assessments and the sample size in a
full-scale RCT. The proportion of missing data in assess-
ments will demonstrate which measures are acceptable
to children and their caregivers. For example, in a previ-
ous study [19] children were not compliant with an oral
motor assessment (Com DEALL Oro Motor Assessment
[66]) possibly because of sensory sensitivities around the
mouth. The last decade and a half of research on early
intervention in autism has spurred the development of
new measures sensitive to change from which the
current trial benefits, such as the BOSCC [47] and the
AIM [62]. Furthermore, we use a wide range of assess-
ments to comprehensively ascertain the impact of the
Point OutWords intervention, including measures of re-
stricted and repetitive behaviour (BOSCC, SRS, AIM);
some studies have found that improvement in communi-
cation skills can have a knock-on effect on the reduction
of restricted/repetitive behaviours [9, 67]. Along the
same lines, measuring an intervention’s outcomes, not
just on autistic symptom severity but on individual and
family well-being and daily functioning, has recently
been underscored [68], so we include measures of parent
stress (PSI), family quality of life (FQoL), and children’s
challenging behaviour (maladaptive behaviour subdo-
main on VABS-2).
Qualitative data from diaries, interviews, and focus
groups will help identify barriers to successful delivery of
the intervention, allowing such issues to be resolved.
The Point OutWords intervention is flexible therapy,
not constrained to an environment or a time of day,
which can be delivered when the child’s mood is most
conducive to learning. Feedback about how Point Out-
Words slots into the daily family routine will be used to
enhance the social validity of the intervention design.
As autism is a heterogeneous condition it is unlikely
that one style of intervention will address all individuals,
nor all aspects of its symptomatology within each indi-
vidual. Our intervention for motor and communication
skills facilitated by Point OutWords can complement
other therapies that address communication and social
skills more directly. Indeed, the answer will lie in cumu-
lative effectiveness research and the use of common out-
come measures across trials so that systematic reviews
and meta-analyses can be easily conducted in the future
[2]. The current trial prepares for this prospect, adopting
measures such as the DCMA and BOSCC used in the
PACT-G trial [69], and VABS-2 and the MSEL used in
the Early Start Denver Model trial [12] and many other
studies of autism. While the current trial is not suffi-
ciently scoped to ascertain whether the Point OutWords
intervention is effective in improving communication
skills in children with autism, it can inform the design of
larger RCTs, not only for Point OutWords but also for
other early interventions in autism.
Trial status
NIHR protocol number: 40703; Recruitment began on
12 March 2019 and is expected to be completed by
December 2019.
Monitoring
Trial Management Group and Patient Steering Committee
M.K. Belmonte (academic PI and overall project lead),
E.J.L. Weisblatt (clinical PI), C. Días (parent co-
investigator) and J. Foster (qualitative research specialist)
will oversee the trial’s progress. The Trial Management
Group will communicate amendments to testing or re-
cruitment criteria to the rest of the research team. There
are no interim analyses planned. In addition, we are set-
ting up a Patient Steering Group comprising four parent
representatives, which will convene quarterly. C. Días
heads the Patient Steering Group and will report to the
Trial Management Group.
Adverse Effects
Research staff will monitor participants for adverse ef-
fects, such as stress associated with the intervention,
during fortnightly telephone calls with participants. One
possible adverse effect might arise from overuse of the
iPad, to a degree that could displace reciprocal social
interaction between child and parent. To address this
possibility, parents will be reminded that Point Out-
Words is a joint activity involving them and their child,
not just the technology and their child. Safety reporting
for adverse effects will be followed in line with CPFT
Good Clinical Practice.
Auditing
Trial conduct will be audited monthly by the PI and the
clinical lead. In accordance with Good Clinical Practice,
a site folder will be held at the City Care Centre within
the CPFT Integrated Children’s Service, containing cop-
ies of correspondence with families, the protocol, and a
delegation log specifying the responsibilities of research
team members. Case report forms for each participant
will be used to record personal information, treatment
allocation, dates of assessments and iPad drop-off, and
relevant information collected during telephone calls
during the intervention period e.g. if the child was feel-
ing sick. Recruitment data are uploaded monthly to the
NIHR Clinical Research Network Portfolio by a research
assistant so that CPFT can provide additional support if
the trial falls behind schedule.
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Dissemination
We aim to publish methodological lessons and quantita-
tive and qualitative trial results in peer-reviewed scien-
tific journals. Preliminary results would be presented at
the 2020 annual meeting of the International Society for
Autism Research. Our web site [16] will be updated to
inform parents and clinicians of the trial findings. Find-
ings will be reported at CPFT multidisciplinary meetings
and at a meeting for individuals with autism, their fam-
ilies, teachers, and therapists. Findings will be added to
our trial registration at ISRCTN. Per standard NIHR
contractual terms, the trial’s funder will have authority
over publication, such authority not to be unreasonably
applied. CPFT as the Sponsor will not have authority
over publication. Authorship is available to members of
the project team, and on request to others who have re-
ferred patients (e.g. clinicians) or collected or analysed
data (e.g. students). Each empirical publication will in-
clude a statement of author contributions. There will be
no use of professional writers.
Trial Sponsor details
Cambridgeshire and Peterborough NHS Foundation
Trust
Elizabeth House
Fulbourn Hospital
Cambridge
United Kingdom
CB21 5EF
Telephone: +44 1223 219400
Email: foi@cpft.nhs.uk
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-019-3931-1.
Additional file 1. SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents
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